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1

My invention relates to drying apparatus and
particularly to apparatus for drying materials
such as crushed or powdered minerals and the
like.

In many industrial operations, such as ore
beneficiation, or in the refining of chemical salts,
for example, a body of solids in granular or finely
divided condition is first dewatered as in filters,
centrifuges or the like, and is then passed to a
final drying stage to condition it for shipment,
market, or some further treatment requiring a
dry state.

It has been customary to perform these dry-
ing operations in rotary, kiln driers, and the ap-
paratus of the present invention has many ad-
vantageous features from the user’s standpoint,
compared with kiln driers. Thus, the apparatus
of the present invention is less expensive in first
cost and requires a lesser amount of repairs and
replacement in continuous operation.

Secondly, the apparatus of the present inven-
tion is less heavy and cumbersome, and occupies
a considerably lesser amount of floor space with
reference to its treatment capacity. Itis alsoless
expensive to operate both with respect to power
consumption, and fuel consumption for the heat-
ing action.

In the third place, the apparatus of the pres-
ent invention is more efficient in reducing the
possibility that some of the charge may be re-
tained too long and become overheated while an-
other portion may be discharged too rapidly and
be imperfectly dried.

It is thus an object of my invention to pro-
vide an improved drying apparatus providing the
above and is also of simple and inexpensive con-
struction.

It is another object of my invention to provide
an improved drying apparatus of the closed or
sealed type suitable for continuous operation and
affording ready removal of dried material with-
out interruption of the drying operation.

Further objects and advantages of my inven-
tion will be apparent from the following descrip-
tion and the features of novelty which character-
ize my invention will be pointed out in the ap-
pended claims.

For a better understanding of my invention
reference may be had to the accompanying draw-
ings in which—

Fig. 1 is a side elevation view, partly in section
of a drying apparatus embodying my invention;

Fig. 2 is an end vew, partly in section of the
apparatus shown in Fig. 1;

Fig. 3 is an enlarged detail view of one of the
vibrators employed in the apparatus; and

Fig. 4 is an enlarged sectional view of a pair of
the conveyors employed in the drying apparatus.

Briefly the apparatus illustrated in the draw-
ings comprises a rectangular upright chamber
having rigid walls constructed of reinforced con-
crete or other suitable material, Within the
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chamber and supported on hangers secured to
the top wall are arranged a plurality of pairs of
downwardly inclined parallel conveyors or tables.
The several pairs are arranged in zigzag disposi-
tion so that material to be dried and which is in-
troduced at the top is conducted downwardly and
progressively from one end to the other of the
chamber. As clearly shown in Fig. 1, air is with-
drawn from the chamber, is heated, and then re-
turned through nozzles directed between the con-
veyors of each pair at the lower end, the air there-
by passing upwardly along the conveyors. Vi-
brators are provided to shake the conveyors and
facilitate the movement of material. The dried
material is collected in hoppers at the bottom of
the chamber and may be removed as desired.
The chamber is maintained sealed throughout its
operation to minimize the escape of vapors, gases
or dust, and any particles of material withdrawn
with the air are separated from the air before
its return to the chamber. Accumulated mois-
ture is removed from the air, and, if desired, a
pressure relief valve may be provided to prevent
any accumulation of excessive pressures within
the chamber.

As shown in Figs. 1 and 2 the drying apparatus
comprises a chamber 5 formed within a housing
having end walls 6, side walls 1, and a top wall 8
all joined together and supported on a floor 9
about an opening {9 in the floor. The chamber
is provided with a lining | I of sheet steel or other
suitable material, and a plurality of hoppers {2,
13, 14, 15, and 16 are supported from the liner
i i and extend through the opening (0. While not
illustrated, suitable doors are provided in the
walls of the chamber to provide access to the
interior for inspection, cleaning and repair of
the apparatus.

A supply hopper 7 is supported on the top
wall 8 and material to be dried is conducted to
this hopper by a suitable feeding device such as
a screw-conveyor 18 driven by a suitable motor
(not shown). The material enters the chamber
5 from the hopper {71 upon rotation of a star or
rotary valve feeder 19 also driven by a motor not
shown.

In order to conduct the material through the
chamber during the drying process I provide a
plurality of pairs of conveyors each comprising a
top conveyor 28 and a bottom conveyor 21 secured
together in parallel relation by a plurality of
straps 22. The several pairs of conveyors may be
secured within the chamber on any suitable sup-
ports or hangers and have been shown as sus-
pended from the top wall 8 on rods 23, the lengths
of the rods being selected so that the pairs of con-
veyors are supported in zigzag disposition and in-
clined downwardly so that the material may be
conducted downwardly and progressively from
one end of the chamber 5 to the other. The
lower end of each pair of conveyors is spaced
from the end wall 6 and is arranged so that the
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material discharged therefrom falls on the upper
end of the nsxt lower conveyor. The conveyors
are resillently supported on the lower ends of the
rods 23 by means of springs 24 which are held un-
der compression between brackets 25 on the con-
veyors and heads 26 at the lower ends of the rods.

Each of the conveyors is an elongated flat
rectangular plate or table of channel shaped
cross section and provided with a multiplicity of
holes or perforations as indicated at 27 in Fig. 4.
These holes permit particles of material of a pre-
determined size to fall through the conveyors as
they are dried and facilitate rapid drying. Be-
cause wet material is more difficult to move down
the conveyors than dry material, the slopes of
the upper conveyors are steepest and successively
lower conveyors are made less steep. The wet
material thus starts at the top where it falls from
the hopper {7 onto the higher end of the top con-
veyor; the steep incline of the top pair of con-
veyors facilitates the downward movement of the
wet material; then, as the material becomes drier
the slope is less steep so that the downward rate
of flow of the material is substantially uniform.

The downward movement of the material is in-
duced primarily by shaking or vibrating the con-
veyors to agitate the material thereon. Each of
the top conveyors 20 of each pair is connected by
a link 28 to an eccentric vibrator 29 outside the
chamber 5. As shown in the enlarged view of
Fig. 3, the link 28 is mounted in a d.aphragm or
seal 30 which may be constructed of any suitable
material such as rubber, leather, flexible metal, or
the like. The diaphragm 30 is sealed to the link
28 pbetween shoulders 31 and 32, and is clamped
and sealed about an opening 33 in the liner (1 by
a ring 34 which is bolted to the wzll {1, an inner
ring 35 may be provided to further strengthen
the wall about the vibrating mechanism. The
diaphragm permits reciprocating movement of
the link without leakage of air or gas through the
chamber walls. The links are suitably hinged to
the conveyors 20 and rapidly v brate the con-
veyors to induce steady downward movement of
the material to be dried.

In order to minimize stratification of the mate-
rial and to maintain the moving body of material
loose, I provide a multiplicity of upwardly ex-
tending sharp, pointed projections 36 arranged in
staggered relation with respect to said perfora-
tions over the top surface of each of the con-
veyors. Since the wet material tends to cake up
as it is dried, these projections act to break up
and agitate the material when the conveyors are
vibrated and some of the material is worked
through the holes 27 and falls on the next lower
surface. The holes 2T may be graduated in size,
if desirable. For example, the holes may be
made smaller in successively lower pairs of con-
veyors so that the particles of dried material
reaching the bottom conveyor must be of a prede~
termined small size before they can drop through
to the hoppers 12, 13, 14, and 15; any larger pieces
are thus conveyed to the end of the bottom con-
veyor and collect in the last hopper 16, The
hopper 16 is larger than the other hoppers in
order to receive the larger quantities of mater’al,
at the end of the process: the hopper {2 at the
other end of the chamber is also made larger than
the intermediate hoppers 13, 14, and 5 because
more of the dried material tends to fall at the
ends of the conveyors than falls along the inter-
mediate portions.

In order to heat the air in the chamber and
to dry the material on the conveyors any suitable
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air circulating and drying apparatus may be pro-
vided. I prefer to employ the arrangement
shown on the drawings which comprises a closed
air circulating system and heating devices ar-
ranged to heat air withdrawn from the chamber
before it is returned thereto. The air circulating
apparatus includes a fan or blower 3T mounted on
top of the wall 8 outside the chamber and ar-

.ranged to blow air downwardly through a dis-

tributing conduit or duct 38, and into the cham-
ber § through branch ducts 39 terminating in
nozzles 49 at the entrance to the chamber. The
air supplied to the blower is withdrawn from the
chamber § through outlet ducts 4{ which are
branches of a return duct 42 which conveys the
air to a heating chamber within a casing 43 on
top of the wall 8 adjacent the blower 37. The
casing 43 is provided with a plurality of baflles 44
to direct the air in a zigzag or tortuous path from
one side of the casing to the other. Dust or fine
material carried by the air is separated from the
air by the centrifugal action and turbulence pro-
duced by the baffles and falls to the bottom of the
casing 43 where hoppers or funnels 45 catch the
material and direct it into suitable bags 46. The
air is heated during its passage through the cas-
ing 43 by suitable heating elements 47 arranged
within the passages formed by the baffles 44.
The heated air discharged from the nozzles 40 is
directed at relatively high velocities between the
top conveyor 20 and the bottom conveyor 21 of
each pair, and tends to circulate upwardly be-
tween the conveyors to the outlets 41. The hot-
test air is thus directed along the conveyors where
it is most effective for drying the material on the
conveyors.

During the operation of the drying apparatus
crushed mineral for example, is supplied continu-
ously to the topmost conveyor 20 through the
hopper IT by operation of the screw conveyor {8
and the star feeder 19. The blower 37 is driven
by a suitable motor (not shown) and circulates
air continuously through the nozzles 40 and
along the conveyors, The conveyors are vibrated
continuously by operation of the eccentrics 29
also driven by suitable prime movers (not shown)
through driving mechanism such as pulleys 48.
As the mineral moves downwardly along the con~
veyors and through the holes 27 therein it be~
comes progressively dryer and finally reaches the
bottom of the chamber suitably dried. The dried
mineral collects in the hoppers 12, 13, 14, 15, and
16 at the bottom of the chamber and may be re~
moved as desired through removable bottom doors
which are provided on the hoppers. Some dust
and particles of mineral are unavoidably drawn
into the air circulating system through the re-~
turn ducts 41 and this mineral is separated from
the air in the casing 43 and collects in the bags
46 which may be removed from the funnels 45
and emptied. The chamber is maintained closed
throughout the operation and escape of gases and
dust is effectively prevented. Few wearing parts
are located within the chamber, the agitating ec-
centrics being located outside the sealed cham-
ber.

In the beginning of operation, it will usually
be unnecessary to make provision for removal of
moisture from the system. However, as the op-
eration proceeds and moisture accumulates in
the circulating air streams, provision from mois-
ture removal must be made. This is conveniently
done by placing porous adsorbent filtering media
49 at the infake of heating chamber 43, which
will collect excess moisture, and by periodic re-
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placement of the filter media, such moisture is
effectively removed from the system.

Since heating of the air during the beginning
of the operation will cause an increase of pres-
sure in this closed system, a pressure relief valve
50 is provided in the top wall 8 of the chamber
5. From the foregoing it is readily apparent that
I have provided a simple and rugged, drying ap-
paratus which requires relatively little floor
space for a given length of drying conveyor. The
mechanism does not involve the use of compli-
cated driving devices and is easy to maintain in
service.

While I have described a preferred embodiment
of my invention modifications will readily occur
to those skilled in the art. For example, other
air heating arrangements obviously may be em-
ployed. I do not, therefore, desire my invention
to be limited to the particular construction illus-
trated.

What I claim and desire to secure by Letters
Patent:

1. In apparatus for drying crushed minerals,
and the like, an upright chamber and a series of
conduits connected therewith; a series of elon-
egated perforated conveyors mounted transversely
within said chamber, each said conveyor being
inclined from one end downwardly toward the
other; means for supplying material to be dried
to said one end; means for heating air and dis-
charging said heated air through said conduits
and into said chamber and toward each said con-
veyor through openings in said chamber adjacent
the lower end of each said conveyor thereof;
means for vibrating each said conveyor; and
means for collecting dried material at the bot-
tom of said chamber and affording removal of
the material therefrom.

2. In apparatus for drying crushed minerals
and the like, an upright chamber and a series of
conduits connected therewith; a bplurality "ot
pairs of vertically spaced parallel flat elongated
conveyors in said chamber, at least the upper con-
veyor of each pair having holes therein permit-
ting at least some material to pass therethrough
and said pairs being mounted in downwardly in-
clined zigzag arrangement; means for introduc-
ing material to be dried to said chamber at the
upper end of the top one of said pairs of con-
veyors; means for directing streams of air at rel-
atively high velocities through the spaces be-
tween the upper and lower conveyors of each pair;
means for heating the air circulated through
said shamber; means for agitating the material
on said conveyors; and means for collecting dried
material and affording removal thereof from said
chamber.

3. In apparatus for drying crushed minerals
and the like, an upright chamber and a series of
conduits connected therewith, a plurality of pairs
of vertically spaced parallel flat elongated con-
veyors in said chamber, at least the uppermost
of each said pair being perforated, said pairs be-
ing mounted in downwardly inclined zigzag ar-
rangement, means for introducing material to be
dried to said chamber at the upper end of the
top one of said pairs of conveyors, means for
withdrawing air from said chamber and heating
it and returning it to the chamber, said last men-
tioned means including air inlet nozzles at the
lower end of each said pair of conveyors for di-
recting the heated air between the two convey-
ors of each said pair and air outlets from said
chamber at the upper ends of each of said pairs,
and means for collecting the dried material and
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for affording removal of said material from said
chamber.

4. In apparatus for drying crushed minerals
and the like, an upright chamber; a plurality of
elongated flat conveyors within said chamber and
inclined downwardly in zigzag disposition, the in-
clination of successive ones of said conveyors be-
ing progressively less steep from the top toward
the bottom of said chamber; means for conduct-
ing material to be dried to the upper end of the
top one of said conveyors; means for vibrating
said conveyors; means for heating air and dis-
charging said heated air into said chamber
through openings in the wall of said chamber ad-
jacent the lower end of each of said conveyors;
and means in the lower portion of said chamber
for collecting dried material and for affording
removal thereof from said chamber.

5. In apparatus for drying crushed minerals
and the like, an upright chamber and a series
of conduits connected therewith; a plurality of
pairs of vertically spaced parallel flat elongated
conveyors in said chamber, said pairs being
mounted in downwardly inclined zigzag arrange-
ment and each conveyor having holes therein per-
mitting at least some material to pass there-
through with the holes being smaller in succes-
sively lower pairs of conveyors; means for intro-
ducing material to be dried to said chamber at the
upper end of the top one of said pairs of con-
veyors; means for heating air and discharging
said heated air through said conduits toward the
material on said conveyors; means for agitating
the material on said conveyors; and means for
collecting dried material and for affording re-
moval of the material from said chamber.

6. In- apparatus for drying crushed minerals
and the like, an upright chamber and a series of
conduits connected therewith; a plurality of pairs
of vertically spaced parallel flat elongated con-
veyors in said chamber, said pairs being mounted
in downwardly inclined zigzag arrangement and
each conveyor having holes therein permitting
at least some material to pass therethrough with
the holes being smaller in successively lower pairs
of conveyors; means for introducing material to
be dried to said chamker at the upper end of the
top one of said pairs of conveyors; means for
heating air. and discharging said heated air
through said conduit toward the material on
said conveyors; means for agitating the material
on said conveyors; and means for collecting dried
material and for affording removal of the mate-
rial from said chamber, said means including
collecting hoppers of different sizes disposed in
series beneath the lowermost conveyor with
larger hoppers adjacent the ends of the lowermost
conveyor.

7. In apparatus for drying crushed minerals
and the like, an upright sealed chamber and two
series of conduits connected therewith, one series
of conduits being heated air supply conduits and
the other series being air removal conduits; a
plurality of pairs of vertically spaced, parallel
flat elongated conveyors in said chamber, said
conveyors having holes therein permitting at least
some material to pass therethrough, with the
holes in each pair of conveyors being larger than
the holes in the next lower pair of conveyors, and
said pairs being mounted in downwardly inclined
zigzag arrangement; sealed means for introduc~
ing material to be dried to said chamber at the
upper end of the top one of said pairs of con-
veyors; nozzles at the ends of said air supply con-
duits adjacent the lower end of each pair of
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conveyors for directing streams of heated air at
relatively high velocities through the spaces be-
tween the upper and lower conveyors of each pair,
an air removal conduit being connected to said
chamber adjacent the upper end of each pair of
conveyors; a blower having an intake connected
with said air removal conduits and an outlet con-
nected with said air supply conduits; means for
heating the air removed from said chamber;
bafile means for removing dust from such air;
means for removing moisture from such air;
means for agitating the conveyors to agitate the
material on said conveyors, said means being dis-
posed principally exteriorly of said chamber and
connected to said conveyors through flexible seal-
ing diaphragms; and means for collecting dried
madterial and affording removal thereof from said
chamber.

8. Apparatus for drying granular material and
the like comprising a chamber, a plurality of re-
siliently mounted elongated conveyors inclined
downwardly in zig-zag relation within said cham-
ber, an opening in said chamber adjacent one
end of each of said conveyors, a flexible dia-
phragm having a hole therethrough mounted in
each of said openings, a link extending through
each of said holes and connected at one end to
said one end of each of said conveyors, an eccen-
tric operatively connected to the other end of each
of said links, and means for blowing hot dry air
through said chamber, said last-named means
comprising inwardly directed nozzles extending
into said chamber adjacent one end of each of said
conveyors and an outlet extending out of said
chamber adjacent the other end of each of said
conveyors.

9. Apparatus for drying wet, crushed minerals
and the like comprising a chamber, a plurality
of elongated conveyors inclined downwardly in
zig-zag relation within said chamber, each of
said conveyors having perforated vertically spaced
upper and lower plates; sharp pointed projections
on the upper surfaces of said plates in staggered
relation with respect to said perforations adapted
to break up and prevent stratification of said
minerals on said conveyor, means for vibrating
said conveyors, and means for circulating hot,
dry air between the upper and lower plates of each
of said conveyors.

10. Apparatus for drying granular material
comprising a drying chamber, a plurality of
elongated conveyors inclined downwardly in zig-
zag relation within said drying chamber, a plu-
rality of inlet openings in said drying chamber,
one of said inlet openings being located adjacent
the lower end of each of said conveyors, a plu-
rality of outlet openings in said drying chamber,
one of said outlet openings being located adjacent
the upper end of each of said conveyors, a blower
mounted adjacent said drying chamber, a heat-
ing chamber connected to said blower, a plurality
of baffles in said heating chamber forming tortu-
ous air passages, adsorbent moisture removing
means and heating means in said heating cham-
ber, dust collecting means mounted on said heat-
ing chamber below said baffles, a duct leading
from said blower to said inlet openings and a duct
leading from said heating chamber to said outlet
openings.

11. Apparatus as set out in claim 10 wherein
said inlet openings are in the form of nozzles
adapted to direct a high velocity jet of air toward
the lower end of said conveyors.

12. Drying apparatus, comprising a chamber
sealed from the atmosphere and having top, side

8

and end walls, an open hottom closed by a plu-
rality of hoppers arranged in series, a series of
conveyors arranged in zig-zag formation in the
chamber and supported for vibratory movement,
§ each conveyor comprising upper and lower per-
forated decks, said perforations being graduated
in size with the smaller perforations adjacent the
bottom of said chamber, a circulatory system for
discharging heated air adjacent the lower end of
10 each said conveyor hetween its upper and lower
decks, means in said system for heating the cir-
culating air and removing dust and moisture
therefrom, means for feeding a wet, granular
material onto the upper end of the uppermost
15 conveyor, means for vibrating each conveyor to
induce a progressive. movement of the material
from its point of introduction to said hopper,
one of said hoppers being positioned below the
lower end of the lowermost conveyor to receive
20 the larger pieces of material, and the others of
said hoppers being positioned below the upper
portion of said conveyor to receive the smaller
pieces of material passing through said perfora-
tions. )
25 PAUL L. WIGTON.

REFERENCES CITED

The following references are of record in the
file of this patent:

30 UNITED STATES PATENTS

Numbrer Name Date
38,790 Schuyler et al. ._____ June 2, 1863
41,905 Chichester — .. ___ Mar. 15, 1864
35 49,470 Chichester __._.._____ Aug. 15, 1865
133,590 Meyetal, . ____ Dec. 3, 1872
153,592 Mey - July 28, 1874
446,759 Little - Feb. 17, 1891
448,520 Higginbottom —_.___ Mar. 17, 1891
40 543,780 Pott - ___ July 30, 1895
663,418 Cook o _ Dec. 11, 1900
696,841 PeITY o Apr. 1, 1902
709,382 White o _____ Sept. 16, 1902
887,557 Werckle _ . ______ May 12, 1908
45 943,869 Gaston . _______ Dec. 21, 1909
997,016 Slaybaugh - ______ July 4, 1911
1,107,028 Busch oo __ Aug. 11, 1914
1,118,221 Pantaze —_________ Nov. 24, 1914
1,225,403 Borislavsky - ___._ May 8, 1917
50 1,353,358 Steenfeldt-Lindholm._Sept. 21, 1920
1,365,950 Putnam et al, ______ Jan. 18, 1921
1,415,010 Benjamin .. ________ May 9, 1922
1,452,431 Tilkie Apr. 17, 1923
1,802,476 Peterson . ________ Apr. 28, 1931
55 1,926,215 Stoll eb al. ——______ Sept. 12, 1933
1,932,124 Tobey o ___ Oct. 24, 1933
2,014,249 Fleteher —ceee Sept. 10, 1935
2,094,786 ¥lint ______________ Oct. 5, 1937
2,157,268 088 oo __ May 9, 1939
60 2,282,332 Kuhn o ___ May 12, 1942
2,283,319 Dienst . ________ May 19, 1942
2,317,003 Vissae . Apr. 20, 1943
2,326,474 Malsbary et al. __.__ Aug. 10, 1943
2,335,787 Panissidi - _______ Nov. 30, 1943
85 2,346,176 McAleer .. Apr. 11, 1944

FOREIGN PATENTS

Number Country Date
261,489 Germany . _______ June 23, 1913
506,393 France . ___._ May 28, 1920
™ 593,587  France ________.____ May 30, 1925

OTHER REFERENCES

Electric Vibrating Equipment, Catalog 620, pgs.
6 and 49, vublished by The Jeffrey Mfg. Co.,
76 Columbus, Ohio, 1935.



